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I.  Tl,L  graphical  firing  table 

A  graphical  firing  table  ( G FT )  is  an  Instrument  close¬ 
ly  resembllnn  a  slide  rule  (Figure  1)  that  is  used  bv  the 
U.  S;  artilleryman  to  make  a  fast,  manual  computation  of 
the  aiming  data  necessarv  to  hit  a  target  range  under  non¬ 
standard  conditions. 

The  principal  scale  printed  on  the  body  of  the  GFT  is 
that  of  range.  Using  a  set  of  standard  conditions  for 
"met"  and  materiel,  a  one-to-one  relationship  is  estab¬ 
lished  betwe  n  range  and  elevation,  range  and  fuze  setting, 
range  and  drift,  etc.  and  transferred  to  the  GFT.  Con¬ 
sequently,  knowing  the  linear  distance  along  the  range 
scale  to  any  range  "x"  will  automatically  give  the  dis¬ 
tance  to  all  aiming  data  correspondi ng  to  that  Hx"  under 
standard  conditions  (Figure  2). 

One  of  the  two  key  relationships  needed  to  describe 
the  GFT  then  is  a  function  relating  the  linear  distance, 
s  ,  to  range  "x*"  The  required  function  is 

*x  -  COoo  x  -  log  xm)/ (log  xH  -  log  xm)].  $T»  O) 

where  Xjuj  E  maximum  range  on  GFT,  xm  *  minimum  range  on  GFT, 
and  sT  =  total  length  of  range  scale  (generally  Sj  *  1). 

In  the  case  of  a  charged  weapon,  x^  and  xm  change  from 
charge  to  charge.  The  reason  the  range  scale  is  printed 
according  to  a  logarithmic  rule  Is  to  simplify  the  computa¬ 
tion  of  the  corrections,  as  will  be  shown  in  Section  II. 

In  the  utilization  of  the  GFT,  a  line  representati ve 
of  the  elevation  necessarv  to  Mt  a  target  under  nonstandard 
conditions  must  be  drawn  on  the  cursor.  This  "adjusted  ele¬ 
vation  gageline"  prescribes  the  standard  elevation  corre¬ 
sponding  to  the  adjusted  range,  x/y»  Found  bv  the  equation 
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NEKMK  W!  Sm 


* 


Xf  +  &x/x i x  »x j 


(2) 


XA  =  *T  +  AxT  ~  *T  i‘  “*,A,xT' 
where  x-j-  ■  target  range,  axt  *  total  range  correction  to 

•  . .  .  a  » m.  xwn4'(  f  {  Aht  .  A  Vl/i  A  V  /  If  I  * 

X  j  1*0  CU  rrct,  V  IU1  iiwm»  w«mmmi  m  gv«t«  .  w  .  *  - -  — ^  '  X  J 

percentage  change  In  xT  due  to  nonstandard  conditions 
(Range  K).* 

The  •'levatlon  gageline  Is  drawn  In  a  manner  such  that 
the  distance  between  It  and  the  manufacturer's  hairline, 
asxt,  corresponds  to  the  total  range  correction,  axt. 
needed  to  compensate  for  nonstandard  conditions  (Flqure  3). 

Therefore,  a  second  key  relationship  required  to 
express  the  functioning  of  the  GFT  Is  one  which  relates 
&xT  and  asxT.  »s  shown  below: 

[sT/(log  xM-1oq  xm)].lo<J  (Ax/X I Xt  ♦  1).  <3> 


AS  - 
XT 

or 

AXJ  •  Ax/x  I 


From  equations  (1)  and  (3),  It  Is  found  that  the  linear 
distance  to  the  adjusted  range,  and  therefore  the  adjusted 
elevation,  is 


*By  replacing  Ranqe  K  with  Fuze  K,  the  equations  appearing 
In  this  section  and  the  next  will  apply  to  the  problem  of 
determining  the  time  gageline.  Fuze  K  Is  defined  as  the 
difference  between  a  given  range  "x"  and  the  range  which 
under  standard  conditions  has  the  same  time  of  flight  re¬ 
quired  to  hit  "x"  under  the  nonstandard  conditions  divided 

bv  "x". 

All  adjusted  aiming  data  on  a  GFT  can  be  found  bv  us¬ 
ing  the  elevation  gageline  and  time  gageline.  For  details, 
see  FM6-40, 
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(5) 


sv  =Sv  + Asv  =  (  lo9  Xt 

XA  XT  Xj  I 


log  xm) . ST/ (log  xM  -  log  xm ) 
+  [s7.log  (ax/x I v_+l ) J  /  (log  x, ,-log  xm) • 


One  final  observation  should  be  made  and  that  is  that 

any  straight  line  drawn  on  the  cursor  of  the  fl FT  can  be 

v/ritten  as  a  linear  function  of  s  as  follows: 

x  ,  , 

As  =  ms  +b ,  (6 ) 

X  X 

where  "m"  and  "b"  are  the  slope  and  the  intercept,  respec¬ 
tively,  of  the  elevation  gageline  and  will  be  determined 
in  Section  II. 

In  summary,  the  mathematical  model  for  a  GFT  consists 
of  equation  (1)  which  locates  each  niece  of  aiming  data  on 
the  body  of  the  GFT,  and  equation  (5)  which  locates  the 
"adjusted  aiming  data."  The  auxiliary  equation  (6)  will 
be  helpful  in  the  discussion  of  the  GFT  schemes  In  the 
section  that  follows. 


II.  THREE  GFT  SCHEMES 

The  artilleryman  usually  computes  the  percentage 
change  in  range  due  to  nonstandard  conditions,  Ax/x» 
at  only  one  range,  say  xR«  In  reality,  the  value  of 
Ax/x  varies  with  range  and  the  three  schemes  to  be  dis¬ 
cussed  differ  in  the  assumptions  that  they  make  concerning 
how  Ax/x  varies. 

A.  Constant  Range  K  (Scheme  A) 

For  Scheme  A,  it  Is  assumed  that  Ax/x|Xr  is  valid  at 
all  ranges;  that  Is,  the  variation  from  range  to  range  is 
0.  Therefore,  Asx-j-  must  be  a  constant,  implying  that  m  • 

0  and  b  =  asxr  in  equation  (6)  where 

AS*R  *[ST*103  ^x/x  lx^+l )  ]  /  (1o9  xM-log  xm)  -  (7) 

To  use  the  GFT,  a  line  is  drawn  on  the  cursor  parallel 
to  the  manufacturer's  hairline  at  a  distance  determined  bv 
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equation  (7).  If  the  range  scale  were  not  printed  accord¬ 
ing  to  a  lonarithmic  rule,  asxj  would  not  be  a  constant 
and  the  constant  Range  K  Scheme  would  not  be  as  simple  to 
anply,  In  fact,  this  is  the  ve-*v  reason  that  the  log¬ 
arithmic  scale  was  chosen. 

B.  Average  Slope  (Scheme  B) 

In  Scheme  B,  Ax/x  is  assumed  to  follow  an  average  rate 
of  change.  To  approximate  this  rate,  an  average  Ax/x 
was  theoretically  determined  from  50  nonstandard  trajectories 
at  each  of  five  ranges^.  .  •  x  5 )  • 

Using  these  five  values  for  a*/x,  it  is  possible  to  find 
an  optimum  slope,  m,  for  equation  (6)  bv  minimizing  the 
error  function, 


5 

F(m,b)  ■  I 

1-1 


[(log 


X„).(»s  ♦b)/sTl  2 

-’j)  • 


employing  a  nonlinear  least  squares  technique. 

To  utilize  this  scheme,  the  artilleryman  computes 

Ax/x I  »  i.e.,  the  Range  K  at  a  registration  range  xd*  This 
xR  K 

fixes  the  value  as  at  s  and  so  b  ■  as  -  ms  where 

Xr  *r  xr  xr 

"m"  Is  the  optimum  slone  found  above.  Therefore,  **x  ,s 

established  for  each  range  and,  as  can  be  seen  from  equation 
(A),  Ax/x  is  also  determined,  To  assist  the  artilleryman 
In  drawing  a  straight  line  on  the  cursor  so  that  asx  will 
actually  take  on  the  desired  values,  a  Range  K  line  Is 
printed  on  the  GFT  with  the  required  slope  (Figure  1). 

C .  Two-Point  Scheme  (Scheme  C) 

With  this  scheme.  It  Is  assumed  that  the  true  values 
of  Ax/x  are  known  at  two  ranges,  x  and  x  •  Then  asx  and 

2  4  2 
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asv.  arc  also  known  and  a  straight,  line  Is  drawn  on  the 

M 

cursor  connect  inn  those  two  points.  Thus  the  slope  becomes 


m  a  (as 


X  a 


AS  )/( s 
X'.  X  a 


Sx 


and  the  value  of  "b"  Is  fixed  by  equation  (6)  as 

b  *  as  -  ms  , 

*1  xi 

where  i  »  2  or  4. 

MI.  TEST  CONDITIONS 

The  accuracy  with  which  each  of  the  three  (TFT  schemes 
can  predict  the  adjusted  elevation  was  determined  for  the 
following  weapon/charqo  combinations,  using  the  nonstandard 
conditions  listed  1  n  Tables  la,  Jl>,  and  Ic. 

Charge 

1  -  7 
1  r,  -  bn ,  3w 
1  -  3 


Weapon 

lObmm  How. ,  Ml  OH 
Ibbmm  How.,  M 1 0  9 
17bmm  Run ,  Ml 07 


a 


IV.  ACCURACY  COMPUTATIONS 

Five  ranges,  correspond  1 ng  to  elevations  between  10 0 
and  000  mils,  were  chosen  for  each  weapon/ charge  combina¬ 
tion.  The  true  value  of  Range  K  at  each  of  thfse  ranges 
for  each  set  of  nonstandard  conditions  was  found  in  the 
following  manner : 


Range  K  *  Ax^/x^J  1  "  1. 


!>  a  ri  d 


1  , 


M! 


where  ^x^  *  the  difference  between  and  the  range 
achieved  under  standard  conditions  using  the  elevation  re¬ 
quired  to  hit  x  -j  under  j''*1  set  of  nonstandard  conditions, 

A  number  of  cases  could  not  be  computed  because  the 
predicted  ranqe  exceeded  the  maximum  range  for  the  partic¬ 
ular  charge  Involved. 


Thu  Range  K  values  predicted  bv  each  scheme  were 


computed  as  shown  below: 

Scheme  A 

'  f  k 

Tor  the  j  set  of  nonstandard  conditions,  the  Range  K 
at  the  fourth  range  (registration  range),  Ax4^/x4  was 
considered  true  for  all  ranges  within  a  weapon/charge 
combination. 


Scheme  B 

For  the  ,i  11  set  of  nonstandard  conditions,  the  Range  K 

f  h 

at  the  1l  range  was  comnuted  using  the  rule 


^  •)  /  x  ■j  =  10 


[  (log 


xM 


•  /.tj. 


where  as 


*  ms 
xij  xi 


+  b . ,  m  =  optimum  slope  for  the  weanon/ 

vf 


charge  combination,  and  b.  as  -  ms  ,  and  as  is 

*  X  A  -1  X4  X^j 


X4j 

computed  using  equation  (3)  with 

Ax/x  !  Xt  *  Ax4j/x4. 


Scheme  C 

Two  ranges,  x2  and  x4*  of  each  weapon/charge  combina¬ 
tion  were  chosen  as  registration  ranges.  Therefore,  for 
the  set  of  nonstandard  conditions  the  Range  K  at  the 
i*  range  is 


[(log  xM  -  log  xm).As  /sT] 


Ax^/Xi  ■  10  m  x1j  1  -1, 


where 


ASX 


(.1  =  Vx,  +  br 


m.  «=  (as  -  as  )/(s  -  s  ), 

.1  x4j  x?j  x4  x2 
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b  -  »  as  -m.s 

.1  V  „  .  1  V 

tj  -  -c 

V.  COMPARISON  OF  ACCURACV  RESULTS 

To  compare  the  accuracy  of  the  assumptions  made  bv  each 
of  the  three  schemes,  the  errors  in  the  predicted  Range  K's 
were  converted  to  range  errors  bv  computing  the  difference 
between  the  true  Range  K  and  a  predicted  Range  K  at  each 
range  for  each  set  of  nonstandard  conditions  and  multiplying 
this  difference  bv  the  r  ,ge  being  considered.  For  example, 

If  the  true  Range  K  for  the  second  set  of  nonstandard  con¬ 
ditions  was  +5%  at  10,000  meters  and  one  of  the  three  pre¬ 
dicted  values  was  +3%  at  this  range,  the  error  in  range 
would  be  (-.02)  X  10,000  or  -200  meters. 

For  all  weapon/charge  combinations,  the  mean  and 
standard  deviation  of  the  range  errors  were  computed  at  the 
chosen  ranges  to  reveal,  as  a  function  of  range,  the  average 
range  error  and  standard  deviation  caused  bv  the  various 
sets  of  nonstandard  conditions.  Computed  values  are  listed 
in  Tables  I.!a  and  lib. 

The  means  and  standard  deviations  were  then  statis¬ 
tically  combined  with  the  probable  errors  in  range  described 
below  .  This  converted  the  range  errors  into  a  correspond¬ 
ing  decrease  in  the  percent  of  rounds  falling  within  plus 
and  minus  one  and  two  probable  errors.  If  there  were  no  errors, 
50%  of  all  rounds  would  fall  within  plus  and  minus  one 
probable  error  and  82.3%  within  plus  and  minus  two  probable 
errors.  A  probable  error  of  0.3%  of  range  was  used  to 
describe  the  round  to  round  dispersion  about  the  target 
rangp  and  a  normal  distribution  of  rounds  about  these  ranges 


The  statistical  methods  employud  may  be  found  In  Introduc¬ 
tion  to  the  Theory  of  Statistics.  A.  Mood  and  F,  Rravbill. 
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ua«  assumed. 


These  percents  found  for  all  weapon/charge/range  com¬ 
binations  are  listed  In  Tables  Ilia  and  1 1 1 b . 

VI.  SUMMARY  AND  CONCLUSION 

A.  Summary 


Weapon 

Summary  of  Results 

The  percent  of  rounds  fall 

One  probable  error 

For  a  probable  error  ec 

inq  within  plus  and  minus 

Two  probable  errors 

ual  to  0.3%  of  ranqe 

1 

Graphical  Firing  Table  Scheme 

A  B  C 

wnmmmm 

38.95  41.59  49.03 

38.37  41.39  48.66 

28.23  32.60  46.86 

35.18  38.53  48.18 

61.71  66.88  80.18 

NOTE:  If  there  were  no  errors  involved,  BOX  of  all  rounds 
would  fall  within  ♦  one  probable  error  and  82. 3% 
within  +  two  probable  errors. 

B.  Conclusion 

This  study  indicates  that  Scheme  C  provides  a  better 
representation  of  the  variation  of  Range  K  with  range  than 
does  either  Scheme  A  or  B.  As  a  result,  it  produces  more 
accurate  adjusted  data  for  a  OFT  and  permits  wider  transfer 
limits.  Although  Schemes  A  and  B  are  both  easier  to  apply, 
since  only  one  Range  K  value  is  required,  it  is  recommended 
that  whenever  time  permits  Scheme  C  should  be  employed. 
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Figure  2 


Table  la.  Nonstandard  Conditions  for  105mm  How.  «  M108 


NO. 


1 

2 

3 

4 

5 

6 

7 

8 
9 

10 

B 

14 

15 

16 

\l 

19 

20 
21 
22 

23 

24 

25 

26 
27 

« 

30 

31 

33 

34 

35 

It 

38 

39 

40 

41 

42 

43 

44 

45 

46 

47 

48 

49 

50 


DENSITY 


97.  I 
107.3 
88.2 
110.1 
92,0 

95.7 

100.0 

92.5 
94.9 

94.8 

99.7 

99.8 
91.4 

101.9 

87.3 
98.0 

78.7 

88.3 

102.9 

89.9 
94.0 

105.6 

95.0 

84.0 

97.2 

90.8 
86.  4 

97.4 

88.4 

83.9 

97.3 

95.9 

98.9 
90.7 
98.9 

99.6 

94.5 

88.3 
97.0 

88.3 

95.1 

96.7 
SB. 8 

93.5 

98.1 

87.3 

91.4 
92.3 

94.6 

88.7 


TEMPERATURE 


99.8 

99.1 

103.1 

104.6 

96.9 

98.7 

107.2 

99.6 

101.5 

98.1 
101.9 

99.4 

103.2 

95.8 

98.9 

97.7 
1Q7.2 

99.8 

104.7 

100.8 

58!:} 

96.0 

99.8 

106.6 

io?:5 

106.3 

581:8 

97.1 

95. 6 

99.6 

99.7 

103.1 

98.9 
99.6 
99.6 

102.3 

100.6 

l88:t 

101.2 
1Q0.8 

101.4 

101.2 

99.8 
103.2 

!?:l 


1% 


RANGE  WIND 
KNOTS 


:$ 


c. 

:l4 


.3 
.3 

8.7 
16.6 
10.6 

0.2 

13.3 

14.1 

!:! 
9.3 
18.0 
0.5 
19.6 
6.1 

3.2 

9.8 

?ii 

8.0 

1:! 

-  8.2 

9.6 

6.6 

-2U2 

6.3 

21.1 

il:i 

-16.6 

2.1 

3.1 

0.5 

-  6.8 

-ml:* 

0.8 

24.8 

-17^ 


MUZZLE  VELOCITY 
VARIATION 


:8:8i 


-8: 

-8: 

-0. 

:8: 


-8:?i 


* 


Table  lb.  Nonstandard  Conditions  for  155mm  How.  ,  M109 


OrO  OD^^Ul^UJfU^-CJ  vOQD-J &\*+  UJru*-0>C  QD«4^Ut 


Table  Ic.  Non8tandard  Conditions  for  175mm  Gun,  M107 


K3. 


DENSITY 


<57.  a 
m*i 
20.2 
UO.l 
92.0 
95.  ■* 

l32:!S 

94.9 

94.8 

99.7 

99.8 
91.4 

101.9 

87.3 

11:9 
“:? 
94.  0 


9»» 
84. 

%l:i 

86.4 

97.4 

88.4 

83.9 

II:  I 

98.9 

90.7 
98.9 

I?:! 

I!:? 

88.5 

95.1 

96.7 

88.  8 

93.5 

98.1 

§7.3 

91,4 

92.3 

94.6 

88.7 


TEMPERATURE 


99.8 

99.1 

likl 

96.9 

98.7 

107.2 

99.6 
101.5 

98.1 

lli:l 

103.2 

95.8 

98.9 

97.7 

107.2 

99.8 

IK! 

‘I 

lit 

103.4 

97.1 

95.6 

99.6 

99.7 
103.1 

98.9 
99.6 
99.6 


94.1 

pi 

181:S 

99.8 

103.2 
95.3 

100.3 


RANGE  WIND 

KNOTS 


MUZZLE  VgLgplTV 
VARiAiIwN 
M/S 


m 

-19.4 

-  0.3 

rlki 

-  0.0 

-  ill 

E.H 

Mi? 

-  0.6 

:»!:! 

-  8.4 

Mil 

-18.2 

-19.3 

-  0.1 

Mil 

Mi? 

-  o.o 

-  8.6 

-12.2 

-  8:i 

-is. 


0.1 
•16.9 
•  0.1 
’11.2 
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Table  Ha.  Mean  Range  Errors  Caused  by  the  Varioufi  Sets 

nf  NnnutanHarH  CrtnHiti on* 


MPN/CHG 

RANGE 

METERS 

MEAN  RANGE  ERROR 

METERS 

GFT  SCHEMES 

A 

B 

C 

1000 

-3.41 

0.11 

0.84 

50 

1600 

-3.68 

-0.62 

0.00 

50 

105MM  1 

2200 

-2.59 

-0.78 

-0.41 

so 

2800 

0.00 

0.00 

0.00 

50 

3400 

4.45 

2.19 

1.74 

50 

1000 

-3.84 

0.47 

1.05 

50 

1700 

-4.40 

-0.51 

0.00 

50 

2 

2400 

-3.15 

-0.81 

-0.51 

50 

3100 

0.00 

0.00 

0.00 

50 

3800 

5.40 

2.46 

2.08 

50 

1500 

-6.32 

0.08 

1.36 

50 

2300 

-6.49 

-1.07 

50 

3 

3100 

-4.42 

-1,25 

-0.63 

50 

3900 

SlKTvi™ 

50 

4700 

7.29 

3.38 

2.62 

50 

1500 

-7.63 

0.13 

1.67 

50 

2500 

-8.26 

-1.36 

0.00 

50 

4 

3500 

-5.72 

-1.59 

-0.78 

50 

4500 

0.00 

0.00 

0.00 

50 

5500 

9.26 

4.08 

3.09 

50 

2000 

-13.28 

0.70 

2.39 

50 

3400 

-14,09 

-1.48 

50 

5 

4800 

-9.51 

-1.94 

-1.06 

50 

6200 

0.00 

0.00 

50 

7600 

14.98 

5.46 

4.37 

50 

2500 

-17.24 

0.69 

1.56 

50 

-16.27 

-0.70 

OoOO 

50 

6 

5SG0 

-10.71 

-1.50 

-1.10 

50 

7000 

0.00 

0.00 

0.00 

50 

23.29 

7.61 

7.00 

50 

3500 

-24.12 

-0.22 

-3.07 

50 

5300 

-17.58 

2.49 

50 

7 

7100 

-11.57 

0.14 

-1.35 

50 

8900 

M.1!*  Hffii 

0.00 

0.00 

50 

10700 

20.25 

5.89 

7.78 

50 

20 
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Table  lib.  Standard  Deviations  Caused  by  the  Various  Sets 

of  Nonstandard  Conditions 


MPN/CHG 

RANGE 

METERS 

STANDARD  DEVIATION 

METERS 

NO.  OF 

r  icct 

SFT  SCHEM 

ES 

A 

B 

C 

1000 

4.02 

4.04 

1.03 

50 

1600 

4.38 

4.40 

0.00 

50 

105MM  L 

2200 

3.12 

3.13 

0.53 

50 

2  300 

0.00 

50 

3400 

5.74 

5.76 

2.55 

50 

1000 

4.45 

4.48 

1.25 

50 

1700 

5.13 

5.16 

0.00 

50 

2 

2400 

3.71 

3.73 

0.63 

50 

3100 

0.00 

0.00 

50 

3800 

6.67 

6.69 

2.82 

50 

1500 

7.28 

7.33 

1.61 

50 

2300 

7.52 

7*57 

0.00 

50 

3 

3100 

5.18 

5.20 

0.77 

50 

3900 

0.00 

0.00 

50 

4700 

8.97 

9.00 

3.58 

50 

1500 

8.70 

8.77 

1.94 

50 

2500 

9.46 

9.52 

0.00 

50 

4 

3500 

6.57 

6.61 

0.95 

50 

4500 

0.00 

0.00 

0.00 

50 

5500 

10.90 

10.94 

3.91 

50 

2000 

14.46 

14.68 

3.73 

50 

3400 

15.00 

15.17 

0.00 

50 

5 

4800 

10.29 

10.38 

1.89 

50 

6200 

0.00 

0.00 

50 

f 

7600 

17.74 

17.82 

8.49 

50 

2500 

27.71 

28.13 

5.10 

50 

4000 

22.92 

23.29 

inH'nuSBi 

50 

6 

5500 

13.32 

13.54 

2.90 

50 

7000 

0.0Q 

50 

9000 

27.03 

27.31 

18.14 

50 

3500 

40.95 

41.46 

3.71 

50 

5300 

35.65 

36.06 

50 

7 

7100 

20.42 

20.68 

3.06 

50 

8900 

0.00 

0.00 

50 

10700 

28.39 

28.76 

16.21 

50 

7 
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Table  Ha.  Mean  Range  Error*  Caused  by  the  Various  Sets 
of  Nonstandard  Conditions  (Continued) 


MPN/CHG 

RANGE 

PETERS 

MEAN  RANGE  ERROR 

NETERS 

NO.  OF 

CASES 

_ _ GET  SCHEME 

s 

A 

8 

c 

1 

KJIfM 

0.34 

0.71 

50 

j&BHfBi 

-0.32 

0.00 

50 

155NM  1G 

ssSHIIbs 

-0.51 

-0.32 

50 

Iff!] 

0.00 

0.00 

50 

3400 

1.43 

1.20 

50 

1500 

-5.91 

0.66 

50 

2300 

-6.03 

-0.47 

WmrtwWB 

50 

2G 

3100 

-4.08 

-0.82 

mm* 

50 

3900 

0.00 

0.00 

50 

4700 

6.53 

2.52 

50 

1500 

—6.96 

0^  75 

1.66 

50 

2500 

-7.67 

-0.80 

0.00 

50 

3G 

3500 

-5.33 

-1.22 

-0.75 

50 

4500 

0.00 

4  0.00 

0.00 

50 

5500 

8.47 

3.32 

2.73 

50 

2000 

-12.23 

1.33 

2.99 

50 

3400 

-13.69 

-1.46 

50 

4G 

.  4800 

-9.56 

-2.22 

-1.35 

50 

6200 

0.00 

0.00 

0.00 

50 

7600 

15.49 

6.25 

5.18 

50 

2500 

-19.80 

0.92 

1.82 

50 

4200 

-19.29 

-0.75 

0.00 

50 

5G 

5900 

-12.70 

-1.59 

-1.16 

50 

7600 

0.00 

0.00 

0.00 

50 

9300 

18.36 

4.43 

3.93 

50 

2000 

-8.92 

0.89 

1.69 

50 

3000 

-8.85 

-0.  65 

0.00 

50 

3M 

4000 

-5.87 

-1.10 

-0.72 

50 

5000 

0.00 

0.00 

0.00 

50 

6000 

8.99 

3.15 

2.70 

50 

2000 

-12.94 

0.97 

3.40 

50 

3500 

-14.96 

-2.19 

0.00 

50 

4W 

5000 

-10.57 

-2.85 

-1.54 

50 

6500 

0.00 

0.00 

0.00 

50 

7500 

10.75 

4.45 

3.39 

50 
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Table  IFh.  Standard  Deviations  Caused  by  the  Various  Sets 
of  Nonstandard  Conditions  (Continued) 


WPN/CHG 

RANGE 

METERS 

STANDARD  DEVIATION 
PETERS 

NO.  OF 
CASES 

GFT  SCHEMES 

A 

B 

C 

1000 

3.43 

3.45 

0.82 

50 

1600 

3.69 

3.71 

0,00 

50 

155MM  1G 

2200 

2.57 

2.58 

0.39 

50 

2800 

0.00 

0.00 

0.00 

50 

3400 

4.26 

4.28 

1.56 

50 

1500 

6.48 

6.52 

1.42 

50 

2300 

6#  6  ft 

6.72 

0.00 

50 

2G 

3100 

4.58 

4.61 

0.67 

50 

3900 

0.00 

0.00 

0.00 

50 

4700 

7.91 

7.94 

3.15 

50 

1500 

7.44 

7.50 

1.85 

50 

25Q0 

8.27 

8.32 

0.00 

50 

3G 

3500 

5.81 

5.84 

0.87 

50 

4500 

0.00 

0.00 

0.00 

50 

5500 

9.65 

9.69 

3.49 

50 

2000 

12.50 

12.64 

3.05 

50 

3400 

13.98 

14.10 

0.00 

50 

4G 

4600 

9.84 

9.91 

1.45 

50 

6200 

0.00 

0.00 

0,00 

50 

7600 

17.07 

17.  16 

6«66 

50 

2500 

25.68 

26.12 

8.12 

50 

4200 

21.95 

22.33 

0.00 

50 

5G 

5900 

13.80 

14.00 

4.16 

50 

7600 

0.00 

0.00 

0.00 

50 

930 0 

21.88 

22.05 

13.86 

50 

2000 

9.58 

9.66 

1.90 

50 

3000 

9.58 

9.65 

0.00 

50 

3W 

4000 

6.44 

6.4B 

0.97 

50 

5000 

0.00 

0.00 

0.00 

50 

6000 

10.40 

10.45 

3.63 

50 

2000 

13.53 

13.68 

3.50 

50 

3500 

15,43 

15.56 

0.00 

50 

4W 

5000 

10.93 

11.01 

1.63 

50 

6500 

0.00 

0.00 

0.00 

50 

7500 

11.53 

11.60 

3.99 

50 

Table  Ila.  \iean  Range  Errors  Cau.ed  by  the  Variou*  Seta 
of  Nonatandard  Condition*  {continued) 


uam trur 

99  »  tt»  V"W 

a  uife 

METERS 

MCA*!  BA  Aire  CBDAB 

METERS 

un.  nc 

CASES 

GFT  SCHEMES 

* 

B 

C 

2500 

-18.22 

1.04 

1.31 

50 

4000 

-16.91 

-0.18 

0.00 

50 

155MM  5W 

5500 

-10.95 

-1.05 

-0.96 

50 

7000 

0.00 

0.00 

0.00 

50 

9000 

21.63 

4.78 

4.67 

50 

3500 

-30.75 

4.29 

-2.42 

50 

5500 

-24.21 

5.86 

0.00 

50 

6M 

7500 

-16.52 

1.19 

-2.30 

50 

9500 

0.00 

0.00 

0.00 

50 

11500 

29.63 

8.15 

11.47 

49 

5000 

-43.48 

1.51 

-12.79 

50 

7000 

-24.50 

11*53 

0.00 

50 

7W 

9000 

-11.29 

9.24 

2.64 

50 

11000 

0.00 

0.00 

0.09 

50 

13500 

31.55 

0.80 

9.81 

50 

L 
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Table  Il.'b,  Standard  Deviation®  Caused  by  the  Various  Sets 
ot  Nonstandard  Conditions  (Continued) 


WPN/CHG 

RANGE 

METERS 

. 

STANDARD  DEVIATION 
METERS 

NO.  OF 
CASES 

ISBI 

A 

B 

C 

2500 

HIM 

25.42 

6.06 

50 

4000 

mi 

20.82 

50 

155MM  5W 

5500 

12.09 

12.28 

3.40 

50 

7000 

0.00 

0.00 

0.00 

50 

9000 

24.41 

24.64 

16.14 

50 

3500 

41.55 

42.27 

4.84 

50 

5500 

38.31 

38.90 

0.00 

50 

6W 

7500 

22.36 

22.75 

5.01 

50 

9500 

0.00 

0.00 

50 

11500 

28.46 

28.91 

19.27 

49 

5000 

49.00 

50.03 

19.70 

50 

7000 

42.02 

42.63 

0.00 

50 

7W 

9000 

25.00 

25.32 

3.17 

SO 

11000 

0.00 

0.00 

0.00 

50 

13500 

36.87 

37.50 

15.58 

50  _ 

T?.bl-  II?.  Mean  Ranof.  Errors  Caused  bv  the  Various  Sets 
of  Nonstandard  Conditions  (Continued) 


WPN  /CHG  RANGE  MEAN  RANGE  ERROR  NO*  OF 

METERS  METERS  CASES 


14000  31.11  -7*48  -4.63  49 


7500  -128.78  -7.40  9.24  50 

10500  -110.05  -12.98  0.00  50 

2  13500  -58.92  -3.66  3.60  50 

16500  0.00  0.00  0.00  50 

19500  31.45  -34.76  -43.20  50 

12000  -229.90  22.77  5.32  50 

17000  -188.19  15.08  0.00  50 

3  22000  -97.30  18.75  9.70  50 

27000  0.00  0.00  0.00  50 

30000  68.47  -10.88  |  -11.17 _ 49 
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Table  lib.  Standard  Deviation*  Caused  by  the  Various,  Sets 

%T _ -a.  ..  „  .1  Z'  .  ..  Jfit  _ _ /  /"i  .  al..  .  it 

o x  ii  uue batiua \x  w uuuibiuup  «  vzuiibiaucu; 


WPN  /CHG 

RANGE 

METERS 

STANDARD  DEVIATION 
METERS 

NO.  OF 

CASES 

GFT  SCHEMES 

A 

8 

C 

4500 

61.40 

mm 

50 

7000 

62.74 

caa 

50 

175MM  1 

9500 

39.83 

50 

12000 

0.00 

0.00 

50 

14000 

32.84 

33.02 

6.84 

49 

7500 

106.62 

109.77 

14.95 

50 

10500 

86.08 

88.55 

0.00 

50 

2 

13500 

44.31 

45.53 

15.97 

50 

16500 

0.00 

0.00 

50 

19500 

59.04 

59.28 

64.64 

50 

■TTT  i  Tjjl 

250.03 

260.84 

29.  50 

50 

^■TTk  i  TV 

219.59 

228.43 

50 

3 

«  (■ 

142.79 

147.88 

25.84 

50 

i 

0.00 

50 

49 


30000 


104.03 


107.07 


38.61 


TaKl*  TTTa  D />*>«-. #4 «  Tr-vw~„  ufuuu 


unu 0 r ur 

».  r  11/  Vi  IV 

n  a  m/'  r 
imrwjc 

METERS 

#»»*«<•  r  44-V 

r  c  nv  c  m  i 

WITHIN 

(PROBABLE 

_ 

a  r  nAiuinr  r  a  i  t  fftis* 
wr  nvunva  rntu  htu 

ONE  PROBABLE  ERROR 
ERROR*. 3%  OF  RANGE) 

A1A  a  r 

nv*  vr 

CASES 

GFT  SCHEMES 

A 

B 

C 

1000 

33,34 

36.24 

48.18 

50 

1600 

39.81 

43.27 

50.00 

50 

105MM  l 

2200 

46.65 

47.82 

49.90 

50 

2800 

50.90 

50.00 

50.00 

50 

3400 

45.63 

46.78 

49.13 

50 

1000 

30.84 

36.44 

47.33 

50 

1700 

38.12 

42.19 

50.00 

50 

2 

2400 

46.01 

47.47 

49.88 

50 

3100 

50.00 

50.00 

50.00 

50 

k 

3800 

45.18 

46.57 

49.10 

50 

.  ; 

1500 

29.04 

35.03 

47.97 

50 

2300 

36.71 

41.11 

50.00 

50 

3 

3100 

45.40 

47.05 

49.89 

50 

3900 

50.00 

50.00 

50.00 

50 

4700 

44.42 

46,00 

49.06 

50 

1500 

25.34 

31.71 

47.08 

50 

2500 

33.91 

39.01 

50.00 

50 

4 

3500 

44.29 

46.36 

49.87 

50 

4500 

50.00 

50.00 

50.00 

50 

5500 

43.85 

45.72 

49.13 

50 

2000 

20.59 

27.31 

45.38 

50 

3400 

30.05 

36.53 

50.00 

50 

5 

4800 

42.52 

45.46 

49.78 

50 

6200 

50.00 

50,00 

50.00 

50 

7600 

42.00 

44.52 

48.37 

50 

2500 

16.85 

19,58 

45.69 

50 

4000 

27.66 

31.77 

50.00 

50 

6 

5500 

41.80 

44.44 

49.66 

50 

7000 

50.00 

50.00 

50,00 

50 

9000 

38.17 

41.79 

45.59 

50 

3500 

16.32 

18,74 

48.06 

50 

5300 

26.76 

28,74 

50.00 

50 

7 

7100 

41.11 

42.74 

49.76 

50 

8900 

50.00 

50,00 

50.00 

50 

10700 

41.22 

-  -- 

43.41 

47.19 

50 

Table  Illb.  Percent  of  Rounds  Falling  Within  Two  Probable  Errors 


WPN/CHG 

RANGE 

nr  t r  r*r 

nc icnj 

PERCENT 

W I  7‘ri !  N 
(PROBABLE 

OF  ROUNDS  FALLING 

▼  un  AfiAsini  c  cnnAfi 

i  »tv  mwoMPi. a.  tnnun 

ERR0R>.3%  OF  RANGE) 

| 

GFT  SCHEMES 

■  ■ 

A 

8 

e 

1000 

60.91 

68.19 

80.38 

50 

1600 

HKiKEflB 

74.74 

82.27 

50 

105MM  1 

2200 

78.72 

79.99 

82.17 

50 

2  8u0 

82.27 

82.27 

62.27 

50 

3400 

77.57 

7R.84 

81.37 

50 

1000 

57.53 

65.68 

79.47 

50 

1700 

68.21 

73.41 

82.27 

50 

2 

2400 

78.01 

79.61 

82.14 

50 

3100 

82.27 

82.27 

82.27 

50 

3800 

77.05 

78.61 

81.35 

50 

1500 

54,67 

63.62 

B0.  15 

50 

2300 

66.26 

72.02 

82.27 

50 

3 

3100 

77.31 

79.15 

82.15 

50 

3900 

82.27 

82.27 

82.27 

50 

4700 

76.17 

77.96 

81.30 

50 

1500 

48.52 

58.60 

79.19 

50 

2500 

62.23 

69.24 

82.27 

50 

4 

3500 

76.02 

78.37 

82.13 

50 

4500 

82.27 

82.27 

82.27 

50 

5500 

75.50 

77.65 

81.38 

50 

2000 

40.16 

51.52 

77.27 

50 

3400 

56.38 

65.80 

82.27 

50 

5 

4800 

73.92 

77.34 

82.04 

50 

6200 

82.27 

82.27 

82.27 

50 

7600 

73.24 

76.25 

80.57 

50 

2500 

33.00 

38.00 

77.62 

50 

4000 

52.25 

58.70 

82.27 

50 

6 

5500 

72,99 

76.15 

81.92 

50 

7000 

82.27 

82.27 

82.27 

50 

9000 

68.28 

72.90 

77.50 

50 

3500 

32.01 

36.46 

80.25 

50 

5300 

50.  64 

53.68 

82.27 

50 

7 

7100 

72.05 

74.09 

82.02 

50 

8900 

82.27 

82.27 

82.27 

50 

10700 

72.24 

74.91 

79.30 

50 

* 


Table  111a.  Percent  of  Rounds  Falling  Within  One  Probable  Error 


(Continued) 


WPN/CHG 

RANGE 

METERS 

PERCENT 
W!  THIN 
PROBABLE 

OF  ROUNDS  FALLING 

ONE  PROBABLE  ERROR 
ERROR-. 3%  OF  RANGE) 

NO.  OF 
CASES 

GFT  SCHEMES 

A 

B 

C 

lOGu 

35.40 

40.53 

48.76 

50 

1600 

41,78 

45,00 

50.00 

50 

155MM  1G 

2200 

47,53 

48.52  j 

49.94 

50 

2800 

50,00 

50.00 

50.00 

50 

3400 

47,27 

48.20 

49.64 

50 

1500 

30.83 

36.95 

48.38 

50 

2300 

38.34 

42,68 

50.00 

50 

2G 

3100 

46,17 

4  7.70 

49.92 

50 

3900 

50,00 

50.00 

50.00 

50 

4700 

45,46 

46.90 

49,29 

50 

1500 

27.70 

34,51 

47.24 

50 

2500 

35.84 

41.02 

50.  OG 

50 

3G 

3500 

45,18 

47.12 

49.88 

50 

50,00 

50.00 

50.00 

50 

5500 

44,88 

46,62 

49.31 

50 

2000 

22.49 

30.11 

45.60 

50 

3400 

30.97 

37.74 

50.00 

50 

4G 

4800 

42.75 

45.76 

49.82 

50 

6200 

50.00 

50.00 

50,00 

50 

7600 

42,06 

44,70 

48.71 

50 

2500 

16.55 

2C.83 

41.07 

50 

4200 

27.40 

33.48 

50.00 

50 

5G 

5900 

41.44 

44.76 

49.43 

50 

7600 

50.00 

50.00 

50.00 

50 

9300 

41.93 

44.65 

47.59 

50 

2000 

28.47 

35,15 

48.32 

50 

3000 

36.50 

41.50 

50.00 

50 

3M 

4000 

45.46 

47.31 

49.91 

50 

5000 

50,00 

50.00 

50.00 

50 

6000 

45,95 

46.76 

49.39 

50 

* 

2000 

21.30 

28.64 

44.44 

50 

3500 

29.67 

36.50 

50.00 

50 

AW 

5000 

41.99 

45,18 

49.78 

50 

6500 

50.00 

50.00 

50.00 

30 

7500 

45.73 

47.26 

49.48 

50 

30 
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(Continued) 


WPN/CHG 

RANGE 

METERS 

1  _ 

1  PtKLfcNI 

[WITHIN 

PROBABLE 

OF  MOUNDS  FALLING 
TWO  PROBABLE  ERROR 
ERROR*. 3%  OF  RANGE) 

NO.  OF 
CASES 

■ 

GFT  SCHEMES 

A 

1 _  6 

1 _ c  _ 

64.44 

■Hjl 

50 

72.99 

Hpf'V  ■  $&i 

50 

155MM  1G 

79.68 

iM:W 4'JBste 

50 

62.27 

82.27 

50 

3400 

79.40 

81.90 

50 

1500 

57.57 

66.40 

80.59 

50 

2300 

68.52 

74.01 

82.27 

50 

2G 

3100 

78.19 

79.86 

82.18 

50 

3900 

82.2  7 

82.27 

82.27 

50 

4700 

77.37 

78.98 

81.54 

50 

1500 

52.57 

62.87 

79.36 

50 

2500 

65.07 

71.91 

82.27 

50 

3G 

35CG 

77.07 

79.22 

82.15 

50 

4500 

82.27 

82.27 

82.27 

50 

5500 

76.72 

78.66 

81.56 

50 

2000 

43.68 

56,08 

77.55 

50 

3400 

57.88 

67.50 

82.27 

50 

4G 

4800 

74.21 

77.69 

82.08 

50 

620C 

82.27 

82.27 

82.27 

50 

7600 

73.34 

76.46 

80.94 

50 

2500 

32.50 

40.26 

71.98 

50 

4200 

51.99 

61.32 

82.27 

50 

5G 

5900 

72.57 

76.54 

81.69 

50 

7600 

82.27 

82.27 

82.27 

50 

9300 

73.17 

76.40 

79.73 

50 

2000 

53.83 

63.81 

80.53 

50 

3000 

66.01 

72.53 

82.27 

50 

3W 

4000 

77.39 

79.43 

82.18 

50 

5000 

82.27 

82.27 

82.27 

50 

6000 

76.91 

78.82 

81.65 

50 

2000 

41.51 

53.70 

76.22 

50 

3500 

55.82 

65.76 

82.27 

50 

4W 

5000 

73.27 

77.03 

82.05 

50 

6500 

82.27 

82.27 

82.27 

50 

7500 

7.7.69 

79.38 

81.74 

50 

* 


Table  Ilia,  Percent  of  Hounds  t  ailing  Within  One  Probable  2Uui 

(Continued) 


WPN/CHG 

RANGE 

METERS 

PERCENT 

WITHIN 

(PROBABLE 

OF  ROUNDS  FALLING 
ONE  PROBABLE  ERROR 
ERROR*. 3%  OF  RANGE) 

NO.  OF 
CASES 

GFT  SCHEMES 

A 

B 

C 

2500 

17.39 

warn 

44.42 

50 

4000 

28.49 

Kail 

50.00 

50 

155MM  5W 

5500 

42.34 

mSssm 

49.56 

50 

7000 

50.00 

50.00 

50.00 

50 

9000 

39.5B 

43.23 

46.  6C 

50 

3500 

14.78 

18.35 

47,59 

50 

5500 

24,74 

27.83 

50.00 

50 

6W 

7500 

39.36 

4  2.25 

49.43 

50 

9500 

50.00 

50.00 

50.00 

50 

11500 

39.65 

43.92 

46.31 

49 

5000 

15.98 

21.58 

35.49 

50 

7000 

28.12 

30.23 

50.00 

50 

7W 

9000 

42.18 

42.41 

49.78 

50 

11000 

50.00 

50.00 

50.00 

50 

13500 

39.73 

43.27 

48.09 

50 

32 


Table  Illb.  Percent  of  Rounds  Falling  Within  Two  Probable  Errors 


( Continued) 


WPN/CHG 

RANGE 

METERS 

PERCENT 

WITHIN 

(PROBABLE 

OF  ROUNDS  FALLING 
TWO  PROBABLE  ERROR 
ERR0R«.3%  OF  RANGE) 

m 

_ GET  SCHEMI 

ES^  _ 

A 

B 

C 

2500 

34.07 

41.10 

76.13 

50 

53.74 

61.92 

82.27 

50 

155MM  5U 

5500 

73.69 

77.17 

81.82 

50 

7000 

82.27 

82.27 

82.27 

50 

9000 

70.17 

74.69 

78.64 

50 

3500 

29.13 

35.74 

79.74 

50 

5500 

47.26 

52.38 

82.27 

50 

6W 

7500 

69.81 

73.47 

81.68 

50 

9500 

82.27 

82.27 

82.27 

50 

11500 

70.34 

75.53 

78.32 

49 

5000 

31.51 

41.61 

64.39 

50 

7000 

52.93 

56.26 

82.27 

50 

7W 

9000 

73.40 

73.68 

82.04 

50 

11000 

62.27 

82.27 

82.27 

50 

13500 

70.35 

74.74 

80.28 

50 

9 


T»ht*  TTT*.  Parent  of  Rotinda  rallin*  Within  On*  Probable  Error 


( Continued) 


unki  #rur 
t*r  f  w«'nj 

d  k  ur.c 

«  «  M  1  Wb 

METERS 

PERCENT 

WITHIN 

[PROBABLE 

AC  BAyMOS  FALL ING 

ONE  PROBABLE  ERROR 
ERROR*. 3%  OF  RANGE) 

NO.  OF 
CASES 

A 

B 

c 

4500 

8.11 

16.42 

31.26 

50 

7000 

15.61 

23.49 

50.00 

50 

175MM  1 

9500 

32.05 

37.43 

49.49 

50 

12000 

50.00 

50.00 

50.00 

50 

14000 

41.20 

44.65 

49.63 

49 

7500 

8.29 

15.52 

44*90 

50 

1050C 

13.71 

24.  50 

50.00 

50 

2 

13500 

31.11 

40.86 

48.48 

50 

16500 

50.00 

50.00 

50.00 

50 

19500 

40.61 

40.21 

38.27 

50 

7r49 

10.72 

44.35 

50 

BvTT  <■ 

12.58 

16.75 

50.00 

50 

3 

mt*  v  *■ 

25.55 

2B.B7 

48.38 

50 

50.00 

50.00 

50.00 

50 

30000 

37.61 

40.04 

*8.16 

49  J 

L 
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Table  IHb.  Percent  of  Rounds  Falling  Within  Two  Probable  Errors  1 

( Continued) 


WPN  /CHG 

RANGE 

METERS 

PERCENT 

WITHIN 

(PROBABLE 

_ 

OF  ROUNDS  PALLING 

TWO  PROBABLE  ERROR 
ERROR*. 3%  OF  RANGE I 

MO-  OF 
CASES 

_ OFT  SCHEMES _ 

A 

B 

C 

4500 

16.37 

32.15 

57.90 

50 

7000 

30.97 

44.99 

82.27 

50 

175MM  1 

9500 

59.42 

67.07 

81.75 

50 

12000 

82.27 

82.27 

82.27 

50 

14000 

72.28 

76.40 

81.89 

49 

7500 

16.67 

30.45 

76.71 

50 

10500 

27.68 

46.74 

82.27 

50 

2 

13500 

50.59 

71.70 

80.69 

50 

16500 

82.27 

82.27 

82.27 

50 

19500 

71.40 

70.69 

68.31 

50 

12000 

14.96 

21*24 

76.05 

50 

17000 

24.95 

32.78 

82.27 

50 

3 

22000 

48.68 

54.09 

80.58 

50 

27000 

82.27 

82.27 

82.27 

50 

30000 

67.41 

70.63 

80.35 

49 

- - - 1 
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